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ABSTRACr 

A  statistical  analysis  is  applied  to  63  years  of  daily  Unitetl  States  preci|>itution  data  to  determine  whether 
u  tendency  exists  fur  rainfall  anomalies  to  occur  near  specific  calendar  dates.  The  results  clearly  indicate  no 
tendency  for  rainfall  anomalies  near  S|K'cific  calendar  dales. 


1.  Introduction 

Bowen’s  intriguing  ideas  (Bowen,  1957)  have 
ctiused  many  meteorologists  to  re-examine  the  question 
of  atmospheric  caicndaricitics.*  Recently  Brier  (l%1a) 
applied  a  non-parametric  statistical  test  to  the  analysis 
of  three  sets  of  rainfall  data  and  refiorted  evitlence  of 
calcndaricities  among  the  three  time  series.  Some  dis¬ 
agreement  on  the  interpretation  of  the  results  was  aired 
liy  the  authors  (Shapiro  and  Macdonald,  1961;  Brier, 
t*>61h)  in  an  exchange  of  correspondence.  The  principal 
(loint  raised  hy  Shapiro  and  Macdonald  was  that  when 
all  three  time  scries  were  compared  simultaneously, 
Brier’s  results  showed  a  weak  tendency  for  the  associa¬ 
tion  of  non-anomalies  rather  than  (as  Brier  claimeti)  a 
slrongTCendencx-'tor  precipitation  anoimitle.s  to  occur  on“ 
si>ecilic  calendar  dates.  However,  Brier  re-analyzed  the 
three  time  series,  delineating  minor  as  well  as  major 
anomalies.  In  this  re-analysis,  a  comparison  of  pairs  of 
time  series  showetl  a  [xisitive  association  among  the 
anomalies  in  two  of  the  three  comparisons  hut  a  some¬ 
what  negative  association  in  the  third.  The  third  com¬ 
parison  involved  the  two  time  scries  with  the  least 
amount  of  data  and  thus  subject  to  greater  sampling 
fluctuations.  Since  the  issues  were  not  resolved  hy  the 
correspondence,  the  authors  decided  to  conauct  a  joint 
cx))erimcnt  designed  to  test  the  reality  of  rainfall  calen- 
daricities.  It  is  the  purpose  of  this  paper  to  re|)ort  the 
design  and  results  of  the  experiment. 

*  Present  affiliation;  Regis  College,  Weston,  Mass. 

’  In  mcteonilogiral  terminology,  the  term  “singularities"  has 
liecn  used  to  descrilK  an  anomaly  that  tends  to  occur  on  fixed 
calendar  dales.  We  feel  this  term  is  a  |ioor  ihic  because  of  its 
possible  confusion  with  mathematical  usage  and  we  suggest  the 
term  "cBlendBrkity''  in  its  stead,  . 


2.  Data  and  aiulydt 

The  basic  data  in  this  study  consists  of  63  years  of 
daily  United  States  precipitation  data  (1  January  1900 
through  31  December  1962).  Seven  years  of  these  data 
( 1952-1958)  were  used  in  the  earlier  study  (Brier,  1961a) 
in  which  a  comparison  was  made  with  the  “world-wide” 
rainfall  averages  for  each  day  of  the  year  for  the  period 
1880-1950  as  published  by  Bowen  (1956,  1957).  This 
study  did  not  use  any  “world-wide”  data  since  it  was 
not  practicable  to  compute  a  daily  rainfall  index  for 
each  day  of  a  series  sufHciently  long  for  an  adequate 
statistical  analysis.  The  Uniter!  States  precipitation  index 
used  here  was  ba.sed  on  the  total  amount  of  precipitation 
observed  each  calendar  day  at  aj^roximatcly  100  sta- 

Thc  index  was  normalized  to  account  for  any  changes 
in  the  numl)er  of  reporting  statirms. 

The  method  of  analysis  used  here  for  examining  the 
data  for  calendaricities  is  a  slight  variation  of  the  com¬ 
monly  used  superposed  etwch  method  in  which  the  data 
are  arranged  in  a  Buys-Ballot  table.  The  usual  method  is 
to  put  all  the  events  for  1  January  in  the  first  column, 
all  these  for  2  January  in  the  second  erdumn,  et<L,  and 
then  obtain  the  means  for  each  column.  In  this  study- 
each  day  was  given  an  index  number  ranging  lietween 
0  and  1  according  to  its  positirm  in  the  astronomical 
year  of  365.2422  days.  In  resjiect  to  this  perkid,  each 
calendar  day  advances  by  1/3^.2422=0.00274  part  of 
a  cycle.  1  January  1900  was  giwn  the  index  number 
0.00000,  2  January  1900  was  ^ven  the  index  0.00274, 
3  January  the  index  0.00548,  etc.  After  a  year  the  index 
numlier  l)ecomes  greater  than  unity  Init  the  integer  was 
dro(^)ed  since  we  are  concerned  only  with  the  position 
tA  the  day  with  respect  to  the  amnia}  eyefe.  Tha  pro- 
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I  ic.  2.  1  rii|iK  i>cy  resimnsc  of  liijih  i«iss  filler  u.'ieil 
«>n  f>rr‘i'i|>iiatii)n  data. 

ccdurt'  has  certain  computational  ami  statistical  ad¬ 
vantages,  esiK'cially  when  high-s|R-ed  electronic  com¬ 
puters  are  used. 

•Vfter  each  day  was  given  an  inde.v  numher  according 
to  (his  scheme,  all  days  were  sorted  into  KK)  classes.  'Fhc 
lirst  class  included  all  clays  with  an  inde.x  numher  from 
(l.tKKKKI  to  O.tKKW.  The  second  class  included  those 
da\s  with  an  inde.x  numlier  O.OKUM)  to  O.OlWJ,  etc. 
This  (irocedure  divided  the  year  into  100  parts  with  the 
lirst  or  4  da>s  of  January  falling  in  class  I,  the  4th  to 
7th  da\-  of  Januar.v  falling  in  the  second  class,  etc.  The 
results  of  summari/.ing  the  original  precipitation  data  in 
this  way  arc  shown  in  Fig.  1.  The  sea.sonal  variation  is 
pronounced  and  it  was  necessary  to  remove  it  before 
continuing  with  the  remainder  of  the  ex|»eriment.  Since 
the  fre((ue'tcy  distribution  of  the  original  daily  precipita¬ 
tion  data  was  highly  skewed,  the  data  were  normalized 
by  means  of  the  well-known  culie-root  transformation 
(see  Howell,  I'HiO).  The  seasonal  trend  was  removed 
by  means  of  a  high  (kiss  lilter  which  eliminaleil  essentiall) 
all  |>eri(Kls  longer  than  aliout  (lO  ilays.  The  frr<|iiency 
res|Kmse  of  the  lilter  useil  is  shown  in  I'ig.  2. 

The  transformed  and  filtered  series  was  then  sum¬ 
marized  in  the  same  fashion  as  that  shown  in  i'ig.  1 
according  to  the  annual  iwrioil  of  .!(».s.2422  days  dividcil 
into  1011  classes.  These  results  are  shown  in  I'ig.  ,!.  The 
[leaks  and  troughs  ap|iear  in  the  same  locations  as  in 
I'ig.  I  but  the  seasonal  trend  has  been  removed  and  ihe 
mean  of  the  entire  series  is  now  zero.  To  te-l  wlulher  a 
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chance.  Thus,  there  is  ex  idence  of  non-randomness  in 
the  ilata,  but  its  source  is  not  immediately  apparent.  It 
would  lie  [iremalure  to  conclude  from  this  non-random¬ 
ness  that  there  arc  a  numlier  of  calendaricitics  in  the 


where  v  ii,  ^(y— i?)'-'  h— I,  y  ii-  the  Iran- 

formed  ami  tillered  [irecipilalion  data  and  ii  is  the  mim 
lier  of  individual  days  falling  into  the  cla".  Table  I 
shows  Ihe  results  of  these  i ompulalion'.  It  b  notind 
that  15  values  of  I  exceed  2.tllt  in  absolute  value  while 
one  would  ex[itrl  only  .5  of  them  to  exceed  this  value  by 


data.  If  this  non-randonmess  is  proiluccd  by  calen- 
daricities,  similar  analyses  based  on  periorls  dilTcrent 
from  one  \  i  ar  should  show  fewer  significant  dc|)arturcs. 

Table  2  summarizes  the  results  obtained  from  Using 
a  number  of  ’‘control'’  jierioels  varying  from  .K)1.2422 
days  U[)  to  ,Vi'>.2422  days.  Table  2  also  shows  the  [leriods 
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Fig.  4.  Xurntn’r  of  eases  for  which  Stuilent’s  />2.00  for  various  periixls  near  the  annual  |wriisl. 


that  were  used  and  the  number  of  cases  for  />  2.00.  The 
same  data  are  shown  in  graphical  form  in  Fig.  4. 
Although  there  is  a  minor  maximum  at  a  period  of 
.V)5.2422  days,  numerous  other  peaks  are  higher.  It  is 
clear  that  there  is  nothing  particularly  unique  aliout  the 
period  of  365.2422  days,  for  many  other  periods  having 
no  particular  physical  signilirance  produce  equivalent 
results. 


3.  Discussion 


These  results  give  no  support  to  the  calendaricity 
hypothesis,  at  least  as  far  as  the  United  States  precipiUi- 
tion  is  concerned.  There  is  a  non-randomness  indicated 
in  Table  1  and  Table  2  which  requires  an  explanation. 
.■\n  examination  was  made  to  sec  whether  persistence  in 
original  precipitation  data  might  lie  the  cause  of  the 
nonrandomness.  The  15  classes  with  />  2.(10  were  chosen 
from  Table  1  and  the  /  values  were  recomputed. 


Hannan  (1062)  has  suggested  that  the  association 
reported  by  Brier  (1961a),  in  the  pajwr  which  served 
as  the  impetus  for  this  study,  was  due  to  the  presence 
of  a  sharp  peak  in  the  precipitation  s|>cctra  at  a  fre¬ 
quency  near  18  cycles  per  year.  The  data  used  in  the 
present  study  are  suitable  for  an  examination  of  this 
suggestion  by  Hannan  and  a  report  dealing  with  it  is 
now  in  preparation.  However,  from  the  results  presented 
here,  it  is  clear  that  the  United  States  precipitation  data 
show  no  evidence  in  supiwrt  of  the  calendaricity 
hypothesis. 
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